Yeast biomass (Saccharomyces sp.) produced in local breweries as a by-product was utilized in this study. Percent proximate composition, amino acid composition, and protein nutritive value were determined for the yeast cell biomass (YC), a sodium perchlorate extracted and isoelectrically precipitated protein concentrate (P-PC), and a sodium trimetaphosphate treated extract followed by isoelectrical precipitation (TMP-PC). Protein concentrates averaged 75% protein as compared to 48.5% in the yeast biomass. Precipitation of the protein in the presence of either sodium perchlorate or sodium trimetaphosphate was reduced to 71% and 51% of the cell RNA content, respectively. Protein nutritive value was 70% of casein when measured by the protein efficiency ratio (PER), and over 90% of casein when net protein utilization (NPUa) was the criteria of evaluation.
as well as with the utilization of other yeast nutrients; they are the thick cell walls, which offer resistance to enzyme digestion (4), and the high content of nucleic acids , particularly RNA (5, 6). Several methods have been employed to obtain yeast derivatives with lower nucleic acid content (7-9).
The majority of work reported in literature used in vitro procedures to evaluate functional and nutritive properties of the protein concentrates recovered from yeast (10, 11).
The objective of this research work was to compare the overall composition and protein nutritive value of the whole yeast biomass (after the cell walls had been mechanically ruptured) with yeast protein concentrates obtained by extraction of the protein and precipitation at the isoelectric pH, after treatment with sodium trimetaphosphate. Protein nutritional evaluation was done in vivo with rats and compared with a recently described procedure (12, 13) of evaluation in vitro. 
MATERIALS AND METHODS

Preparation of test materials
RESULTS
Proximate percent composition
The proximate percent composition of the yeast biomass (YC), a protein concentrate obtained by extraction with sodium perchlorate solution and pre cipitated at pH 4.2 (P-PC), and a protein concentrate obtained by treatment of the extract with sodium trimetaphosphate following precipitation at the isoelectric pH (TMP-PC) are shown in Table 1 .
The main changes in the composition of the protein concentrates, compared to the whole yeast biomass were as follows: an increase in protein concentration from 48.5% in the biomass to 76% (P-PC) and 74.2% (TMP-PC); a substantial decrease in RNA, from 7.5% in the biomass to 2.2% (P-PC) and 3.7% (TMP-PC); there was also a substantial reduction in total carbohydrate, from 33% in YC to 8.8% (P-PC) and 8.3% (TMP-PC), probably as a consequence of the removal of cell wall which accounts for 30% of the total carbohydrate.
Amino acid composition
The amino acid profiles of yeast biomass (YC), the perchlorate protein con centrate (P-PC), and the sodium trimetaphosphate treated concentrate are shown in Table 2 . By comparing with the FAO/WHO/UNU essential amino acids reference profile (24), it becomes apparent that the yeast proteins contain all the essential amino acids in excess of the reference, with the only exception being the sulfur containing amino acids which appear as marginally limited in the yeast protein concentrates, but not in the whole biomass . It should be noticed that the lysine and threonine concentrations are fairly high , which makes this source of protein suitable for correcting cereal protein amino acid imbalance .
In vitro indexes of protein quality In vitro protein digestibility, available lysine , amino acid chemical score, and the protein digestibility-corrected amino acid scoring (12) are shown in Table 3 .
In vitro protein digestibility was lower (83%) for the whole biomass (YC) and quite high (91.7 and 89.4%) for the P-PC and TMP-PC concentrates, respectively. Available lysine was highest (7g/100g protein) for the TMP-PC concentrate , and l owest (5g/100g protein) for the concentrate extracted with perchlorate (P -PC) . Total sulfur-containing amino acids (Met+Cys) were marginally limited in relation to the FAO/WHO/UNU reference . The chemical scores were 0 .92, 0.99 and 1.14 for P-PC, TMP-PC and YC, respectively . The protein digestibility-corrected amino acid scoring (PDCAAS) varied from 82 to 90% , being highest (90%) for TMP-PC and lowest (82%) for P-PC.
Nitrogen balance and PER
An in vivo evaluation of the yeast protein nutritive value was performed by nitrogen balance and PER determination . Table 4 shows the results of the assays , including data from the casein control diet. Comparing with the casein diet , the nitrogen retention (NB) was statistically identical for the whole yeast (YC) and inferior (p<0 .05) for the two protein concentrates, P-PC and TMP-PC . Urine N was significantly higher for YC , i ntermediate for the yeast protein concentrates , and lowest for casein. Fecal N was identical for casein and TMP-PC but statistically higher (p_??_0 .05) for P-PC and YC. The intake of N did not differ for casein , P-PC or YC, but it was significantly lower for TMP-PC.
Apparent protein digestibility (Da) was identical for casein and TMP-PC , but The high availability of lysine in the phosphorylated protein may be a consequence of the reversible reaction of the sodium trimetaphosphate in changing from a strongly alkaline to a slightly acidic condition. On the other hand, the low avail ability of lysine in P-PC may result from the alkaline conditions of extraction and/or the effect of a high concentration of residual sodium perchlorate on the protein.
The nutritional properties of yeast protein and casein as determined by two different procedures in vivo appear in Table 4 . To the authors' knowledge no in vivo nutritional evaluation of yeast protein concentrates treated with sodium perchlorate or sodium trimetaphosphate have been reported.
Protein digestibility was high for the two concentrates (P-PC and TMP-PC) and did not differ statistically (p<0.05) from casein digestibility. The whole yeast biomass (YC) showed statistically inferior protein digestibility.
In terms of nitrogen utilization, the whole yeast biomass (YC) promoted the highest nitrogen retention (NB), which was statistically identical to casein. For the protein concentrates P-PC and TMP-PC, this index was statistically identical and inferior to casein and YC (p<0.05). Net protein utilization (NPUa) was highest for caseins inferior for TMP-PC and P-PC but identical among themselves (p_??_0 .05), and significantly lower for YC. No statistical differences were detected (p_??_0.05) in the BVa of all the protein sources tested.
All yeast protein preparations gave PER significantly inferior to casein. The lowest PER (2.06) was determined for P-PC, while YC and TMP-PC gave PER statistically identical but superior to P-PC and inferior to casein (p<0.05).
The growth promoting capacity of the three yeast protein diets is compared with that of casein in Fig. 2 . Casein showed the best results, followed by the whole yeast biomass (YC) and the protein concentrate TMP-PC. The lowest performance was observed for P-PC concentrate.
Taking the PER and NPUa as the most significant indexes of protein quality, and averaging them up for the three yeast preparations and comparing them with the casein values, one verifies that the NPUa for yeast protein preparation stands above 90% of that for casein. For the PER, the yeast protein values averaged about 70% of casein.
The data presented in this paper permit us to conclude: 1) Yeast biomass is an excellent source of protein both quantitatively and qualitatively; 2) Extraction of the yeast protein with 0.5M sodium perchlorate or treatment of the cell suspen sion or protein extract with 3% sodium trimetaphosphate under alkaline conditions were both effective in lowering the RNA content in the protein precipitate at isoelectric pH; 3) The various yeast preparations exhibited protein nutritive values in the range of 70 to 90% of casein, depending on the index used for evaluation; and 4) NPUa 
